M LLI METER WAVE TEST PROCEDURES

Measur enent | nstrumentati on:

Spectrum Anal yzer

External Harnonic M xer Set, covering the necessary frequency
range

H gh Frequency Standard Gain Horn Set, covering the necessary
frequency range

D pl exer for analyzer, if required

External L.O Anplifier, if required

Vari abl e Vol tage Supply

Optional : Non-conductive antenna adjustnent structure (nast)

Note: the calibration of equipnent operating at the frequencies
under investigation may prove to be problematic. Routine
calibration of the equipnent at |ower frequencies may be
considered sufficient by the relevant regul atory bodies (e.g.,
the FCC). These regulatory bodies, as well as the neasurenent
equi prent manufacturers and calibration | abs, should be consulted
with respect to this topic.

General I nfornmation:

. A radiated nethod of nmeasurenents in order to denonstrate
conpliance wth the various regulatory requirenents has been
chosen in consideration of test equi pnment availability and the
[imtations of many external harnonic m xers. A conducted nethod
of measurenent could be enployed if EUT and m xer wavegui des both
are accessible and of the sane type (WG nunber) and if wavegui de
sections and transitions can be found. Another potenti al
problemis that the peak power output of devices operating under
Sections 15.253 and 15. 255 may exceed the +20 dBm i nput power
[imt of many comercially available m xers. For these reasons a
radi ated nethod is preferred.

1. Extrenme caution shall be used when neasuring the field
strength of em ssions from nmmAave devices. The beamm dths are
extrenely narrow and thus require very small adjustnments to
ensure the neasuring instrunmentation is within the maxi num beam
of the transmtted signal. As a result, it is recommended that
handhel d field strength measurenents be nade (i.e., the test
antenna (horn) is held in the hand). Caution shall be taken to
reduce the possible overloading of the neasuring instrunentation.



1. In order to properly neasure either the peak output power
or peak power density, the Resolution Bandw dth (RBW of the
measuring instrunentation should be greater than the Em ssion
Bandw dth (EBW (see definition below) of the signal under
investigation. |If the EUT is capable of disabling the

nmodul ation, such that it transmts an unnodul ated carrier, then
measurenents for peak output power and peak power density should
be made in this node. [If, however, the nodul ati on cannot be

di sabl ed, then neasurenents nust be nade on the nodul ated signal
Si nce Spectrum Anal yzers do not typically have RBWs of
sufficient wdth to enconpass the EBW this nmethod of neasurenent
i nvol ves either neasuring sections of the em ssion and totaling
t hose sections, or nmeasuring the peak of the em ssion with a
readily avail able RBWsetting (e.g., 1 MHz) and then

mat hematically calculating the total peak |evel over the entire
em ssion bandw dth by adding a correction factor derived from
10l og(EBW RBW . Measurenents nust be made during the transmt

i nterval

Not e: because the FCC currently has reservations about the forner
met hod, due to potentially wi de variances in results based on

i nstrument settings, the latter nmethod should be enpl oyed until
the issue is resolved. This correction tends to overestimte the
actual peak levels, and thus is considered acceptable by the FCC
at this tine.

The em ssion bandwi dth (EBW is defined as the wdth of the

si gnal between two points, one below the carrier center frequency
and one above the carrier center frequency, outside of which al
em ssions are attenuated at |east 26 dB bel ow the maxi num | evel

of the nodul ated carrier (from47 C F. R Section 15.403(c)).

| V. The peak output power of the EUT nay be cal culated fromthe
measured peak field strength, if the gain of the EUT' s radi ating
el enent is known, using the foll ow ng equation:

P=(Ed)?
30G
wher e Pis the power, in Watts

E is the neasured peak field strength, in Volts/neter

d is the distance at which the neasurenment was nmade, in
neters

Gis the nuneric gain of the radiating el enent

If the gain of the radiating elenment is not known, then either
the Effective Radi ated Power (ERP) or the Effective Isotropic
Radi at ed Power (EIRP) may be cal culated fromthe neasured peak



field strength, by using either G=1.64 or G= 1, respectively,
in the above equati on.

V. The peak power density of an em ssion may be cal cul ated from
its nmeasured peak field strength using the foll ow ng equation:

Pe =_ P
(4pd?)

wher e P, is the power density, in Watt/Meters?
P, is the EIRP, in Watts
d is the neasurenent distance, in neters

Conversely, the power density limts specified in the FCC Rul es
may be converted mathematically to equivalent field strength

val ues, against which the neasured field strength of the EUT s
em ssions may be directly conpared, using the foll ow ng equation:

P, = E2
377
wher e P, is the power density Iimt at a specific distance,

in Watt/ Meters?

Eis the equivalent field strength at that specific
di stance, in Volts/neter

377 is free space i npedance, in Chns

Solving for the equivalent field strength limt:
E = (377 x Py*

VI. The average output power |evels and the average power
density levels may be mathematically derived fromthe neasured
peak levels, in the case of a pulsed em ssion, based on the
application of a duty cycle correction factor, derived from

20l og(t,,/T)

wher e ton 1S the total “on” time during a transm ssion burst,
i n seconds
T is the period between transm ssion bursts, in seconds

| f the em ssion under investigation is not pulsed, then the
average |l evels may be neasured by using a video filtering
technique (i.e., VBW<< RBW.

VII. Care should be taken to ensure that neasurenents are nmde,
whenever possible, in the far field, so that a |linear distance



attenuation factor (20 dB/ decade) may be applied. At the
frequenci es under investigation, the distance fromthe radiating
el enent of the EUT to the edge of the far field may be cal cul ated
fromthe foll ow ng equation

r =2 x 12
?

wher e r is the distance fromthe radiating el enent of the EUT
to the edge of the far field, in neters
| is the largest dinmension of both the radiating
el enent and the test antenna (horn), in neters
? is the wavel ength of the em ssion under investigation
(300/f(WMHz)), in neters

| f measurenment practicalities or systemsensitivity limtations
require that the neasurenent be made in the near field, then an
i nverse squared di stance attenuation factor (40 dB/ decade) shal
be applied fromthe point of neasurenent to the distance

cal cul ated as the edge of the far field (if it is less than the
di stance at which the specific limt (to which conpliance is
being tested) is specified), after which a |linear distance
attenuation factor shall be applied out to the distance at which
the specific limt (to which conpliance is being tested) is
specified (e.g., 3 neters).

VIIl. An external m xer may generate fal se images. Care should
be taken to ensure that any em ssion neasured by the Spectrum
Anal yzer does indeed originate in the EUT. Mst Spectrum

Anal yzers have a Signal Identification feature that should be
utilized if there is any question as to the source of the

em ssion under investigation (i.e., it is not the fundamental

em ssion, or a harnonic falling precisely at the correct
frequency).



General Em ssion Bandw dt h Measur enent Procedures

Test Set-Up

ELT / Spectm

Bxternal Analyzer

MHiyer

Figure 1
Arrange the EUT and test equi pnment as shown in Figure 1
. Use the follow ng Spectrum Anal yzer settings:

Span = approximately 2 to 3 tinmes the EBW centered on the carrier
frequency

RBW ? 1% of the EBW (if possible. If the EBWis greater than 100
times the |argest available RBW then use that setting.)

VBW ? RBW

Sweep = auto

Det ector function = peak\
Trace = max hold

1. The EUT should be transmitting at its nmaxinmum data rate
Allow the trace to stabilize.

I11. Use the marker-to-peak function to set the marker to the
peak of the em ssion. Use the marker-delta function to neasure
26 dB down one side of the em ssion

| V. Reset the marker-delta function, and nove the marker to the



ot her side of the emssion, until it is (as close as possible to)
even with the reference marker level. The marker-delta reading
at this point is the 26 dB bandw dth of the em ssion.

V. If this value varies with different nodes of operation (e.g.,
data rate, nodulation format, etc.), repeat this test for each
vari ation.

CGeneral Field Strength Measurenent Procedures

Arrange the EUT and test equi pnent as shown in Figure 1. The
di stance at which various limts are specified in the FCC Rul es
is 3 neters, however, it is strongly recomrended that cl oser
measur enent di stances be utilized, as permtted by Section
15.31(f) (1) (see General Information VII, above).

|. Set Spectrum Anal yzer RBW VBW span, etc., to the proper
values. Note these values. Enable 2 traces, one set to “clear
wite”, the second set to “max hol d”.

1. Begin handhel d neasurenents with the test antenna (horn) at
a distance of 1 neter fromthe EUT (see General Information VII,
above), in a horizontally polarized position. Slowy adjust its
position, entirely covering the plane 1 neter fromthe EUT.
bservation of the 2 active traces on the Spectrum Anal yzer w ||
all ow refined horn positioning at the point(s) of maxinumfield
intensity.

I1l. Repeat (Il) with the hornin a vertically polarized
posi tion.

| V. If the em ssion cannot be detected at 1 neter, reduce the
RBWin order to increase systemsensitivity. Note the value. |If
the em ssion still cannot be detected, npve the horn closer to

the EUT, noting the distance at which a neasurenment is made.

V. Note the maxi num | evel indicated on the Spectrum Anal yzer.
Adjust this level, if necessary, by the conversion |oss of the
external m xer used, at the frequency under investigation (cable
| oss should al so be neasured, but will probably prove to be
negligible, as the external m xer has m xed down the signal to a
(relatively) Iow frequency before it is conducted down the cable
to the Spectrum Anal yzer). Calculate the field strength of the
em ssion at the nmeasurenent distance fromthe foll ow ng equation:

E=2p 120P *
29 G



wher e Eis the field strength of the em ssion at the
measur enent di stance, in Volts/nmeter
P is the maxi num adjusted |evel indicated on the
Spectrum Anal yzer, in Watts
? is the wavel ength of the em ssion under investigation
(300/f(WHz)), in neters
Gis the nuneric gain of the test antenna (horn)

VI. Based on the distance at which the neasurenment was nmade and
the cal cul ated distance to the edge of the far field, determ ne
the appropriate di stance attenuation factor (see General
Information VII1, above). Apply this factor to the cal cul ated
field strength in order to determ ne the equivalent field
strength at the distance at which the regulatory Iimt is
specified. Based on the RBWused to nake the neasurenent, the
measured EBW of the em ssion under investigation, and the gain of
the transmtting elenent, calculate the power density and peak
out put power of the em ssion/EUT (see General Information Il and
|V, above), and, possibly, the average power density and average
out put power (see Ceneral Information VI, above). Conpare to the
appropriate limt(s)(see General Information V, above). If it is
a pul sed em ssion, apply the calculated duty cycle correction
factor to these levels to determ ne the average power density and
aver age out put power (see General Information VI, above).

VII. Repeat (1) - (V) for every em ssion that nust be neasured,
up through the required frequency range of investigation (as
specified by the regulatory requirenents to which conpliance is
being tested), in all operating configurations of which the EUT
is capable (e.g., forward-|ooking vehicle radar systens at rest
and in notion (Sections 15.253(b) and (c))).



General Frequency Stability Measurenent Procedures

Test Set-Up

Temperature chamber
10- 100 cm mixer w/horn
EUT /\) /l___l
LO pre-amp diplexer
V
variable voltage supply spectrum analyzer
FIGURE 2

|. Arrange EUT and test equi pnent as shown in Figure 2. The
external m xer may be placed inside the tenperature chanber only
if its frequency drift characteristics v tenperature are known
and can be factored in, otherwi se, the m xer should be pl aced
outside the chanber in front of the tenperature chanber door
and the chanber door opened for each readi ng.

1. Wth the EUT at anbient tenperature (approximately 25 °C)
and voltage source set to the EUT"s nom nal operating voltage
(100%, record the spectrum mask of the EUT em ssion on the
Spectrum Anal yzer.

I11. Vary EUT power supply between 85% - 115% of nom nal, and
record the frequency excursion of the EUT em ssion nask.

V. Set the power supply to 100% nom nal setting, raise EUT
operating tenperature to 50 °C. Record the frequency excursion
of the EUT em ssion mask.

V. Repeat step 4 above at each 10 °C step down to -20°C

The EUT frequency excursion nust remain within the frequency
ranges called out in the appropriate regul atory standards.

Note: The test distance is chosen to insure that input to the



m xer is |less than the rated maxi mnum using the relationship
between transmt power, received power, transmt antenna gain,
recei ve antenna gain, and path | oss:

Pr, dBm= Pt, dBm+&, dBi + G, dBi - Lp, dB
wher e

Lp = -27. 6dB

*** | ncluded below, for reference, are checksheets provi ded by
the FCC during TCB training classes intended for use during the
review of mmMve devi ces seeking authorization under Sections
15. 253 or 15. 255.

Vehi cl e Radar Systens (47 C. F.R Section 15.253)

Because mm wave devi ces are not categorically excluded from
RF exposure requirenments, they will not be designated under
this scope of accreditation at this tine.

15. 253(a):

~ Does the EUT neet the definition of a vehicle-nmounted field
di sturbance sensor, as its primary node of operation, based on
the technical description?

15. 253(b) :

__ \Were acceptable test procedures and instrunment settings used
to measure the radi ated power density of the fundanental
em ssi on?

___ Does the neasured power density conply with the appropriate
limt, as determ ned by the frequency band of operation, the
position of the EUT with respect to the vehicle, and whether or
not the vehicle is in notion?

15. 253(c):



Do all out-of-band em ssions neet the definition of spurious
em ssi ons?
15. 253(c)(1):

___ \Vere acceptable test procedures and instrument settings used
to nmeasure unwanted radi ated em ssion | evels below 1 GHz?

Do the neasured unwanted radi ated em ssion | evels conply
with the Section 15.209 field strength limt?
15.253(c) (2):

__ \Were acceptable test procedures and instrunment settings used
to nmeasure the radi ated power density of spurious em ssions?

Was the correct frequency range investigated?
Do the neasured spurious power densities conply with the
appropriate limt, as determ ned by the frequency band of
operation, the frequency of the spurious em ssion, and the
position of the EUT with respect to the vehicle?
15. 253(d):
___ Were acceptable test procedures and instrunent settings used
to determ ne the peak |levels of the measured radi ated power
densities of all em ssions?
Do the peak levels of the neasured power densities conply
with the limt of Section 15.35(b)?
15. 253(e):

~_ Was an acceptable test procedure was used to neasure
frequency stability?

~ Does the neasured frequency stability data indicate that the
fundanental emnission will be maintained within the band of

operation under all conditions of normal operation, as specified
in the user’s manual ?

15. 203 and 15. 204:

10



Does the EUT conply with these Sections?

Test procedures for nmm wave devices are, as of yet,
undocunent ed. When a “recomrended” test procedure is rel eased
by the OET Lab, or by some industry group, guidance wll be
provided as to what is considered “acceptable test
procedures”.

Convert power density limts to EIRP levels, then to
equi valent field strengths at the neasurenent distance.
Measured field strengths may then be conpared to these
val ues.

Det erm ne whet her neasurenents are nmade in the far field or
not, so that a proper distance correction factor nay be
appl i ed.

In re 15.253(d)- a test or a calculation may be used to
determ ne the peak | evel of the em ssion, as determ ned by
the em ssion characteristics.

In re 15.253(e)- a plot of the em ssion at the bandedge, with
the EUT tuned to a bandedge channel, may be required for

devices that do not utilize a standard carrier which may be
measur ed.

nm Wave Systens - Section 15.255

Because mm wave devices are not categorically excluded from
RF exposure requirenments, they will not be designated under
this scope of accreditation at this tine.

15. 255(a) :

__ Does the EUT operate in a manner which is not excluded by
this Section, based on the technical description, user’s manual,
or any advertising literature which has been submtted?

15. 255(b) (1) and (2):

11



__ \Were acceptable test procedures and instrunment settings used
to nmeasure the peak radi ated power density and the occupied
bandwi dt h of the fundanental em ssion?

__ Were acceptable nethods used to cal cul ate the average
radi ated power density of the fundanental em ssion?

__ Does the neasured peak power density conply with the
appropriate limt, as determned by the type of operation, the
occupi ed bandMAdth and the frequency of the em ssion?

_ Does the cal cul ated average power density conply with the
appropriate limt, as determ ned by the type of operation, the
occupi ed bandw dth, and the frequency of the em ssion?

15. 255(b) (3):

__ \Were acceptable test procedures and instrunment settings used
to nmeasure the peak output power and the peak radi ated power
density of the fundanental em ssion?

Do the neasured peak output power and peak radi ated power
density conmply with the appropriate linmit?
15.255(c)(1):
Do all out-of-band em ssions neet the definition of spurious
em ssi ons?
15. 255(c) (2):

__ Were acceptable test procedures and instrunent settings used
to neasure unwanted radi ated enission |levels below 1 GHz?

Do the neasured unwanted radi ated em ssion |evels conply
with the Section 15.209 field strength limt?
15. 255(c¢c) (3):

~ Were acceptable test procedures and instrunent settings used
to neasure the radiated power density of spurious enissions?

Was the correct frequency range investigated?

12



Do the nmeasured spurious power densities conply with the 90
pWen?2 linmit?
15. 255(c) (4):

Does the EUT conply with Section 15.215(b)?

15. 253(d):

_ Are all em ssions in the 59.0-59.05 GHz band either
spurious, or related to a publicly accessible coordination
channel ?

15. 253(e):

__ \Were acceptable test procedures and instrunment settings used
to nmeasure the peak output power and em ssion bandw dt h?

___ Does the neasured peak output power conply with the
appropriate limt, as determ ned by the em ssion bandw dth?
15. 255(f):

~_ Was an acceptable test procedure was used to neasure
frequency stability?

_ Does the neasured frequency stability data indicate that the
fundanental em ssion will be naintained within the band of
operation under all conditions of normal operation, as specified
in the user’s manual ?

15. 255(h):

___ Does the applicant state that the EUT wll not be equi pped
wi th external phase-locking inputs that permt beamform ng
arrays to be realized?

15. 255(i ) :

____If applicable, does the applicant state that the EUT
transmts the required identification feature?

13



~ Does the required identification feature contain all of the
necessary i nformation?

~__Is a nethod specified whereby interested parties can obtain
sufficient information, at no cost, to enable themto fully
detect and decode this transmtter identification infornmation?

15. 203, 15.204, and 15.207:

Does the EUT conply with these Sections?

Test procedures for nmm wave devices are, as of yet,
undocunent ed. When a “recomrended” test procedure is rel eased
by the OET Lab, or by some industry group, guidance wll be
provi ded as to what is considered “acceptable test
procedures”.

Convert power density limts to EIRP levels, then to
equi valent field strengths at the neasurenent distance.
Measured field strengths may then be conpared to these
val ues.

Det er m ne whet her neasurenents are nade in the far field or
not, so that a proper distance correction factor may be
appl i ed.

In re 15.255(f)- a plot of the em ssion at the bandedge, with
the EUT tuned to a bandedge channel, may be required for
devices that do not utilize a standard carrier which may be
measur ed.
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